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\ (54) Title: METHOD FOR THE RAPID DETERMINATION OF BACTERIA j 

j (57) Abstract J 

The invention relates to the detection, identification and diagnosis of bacteria in samples in general and in particular in clinical j 

samples such as blood, urine, saliva, cerebrospinal fluid that are taken from patients that are possibly infected with a. as yet, unknown, i 
possibly pathogenic bacterium, or during follow-up diagnostic testing to, for example, evaluate therapeutic measures that have been taken 
so far to treat the disease. The invention provides a method for detecting or identifying a bacterium suspected of being present in a sample 

comprising testing said sample by Gram-staining and testing said sample with a probe according to an in situ hybridisation protocol selected I 

on the basis of the outcome of said Gram-staining. The invention also provides probes for use in said method. I 
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Title: METHOD FOR THE RAPID DETERMINATION OI BACTERIA 



a o r. e r a 1 ana in particular in c 1 1 n i c a ^ => ami: s u c n a s 

b^oco, urine, saliva, cerebrospir.ial fluid, raocec, pus 
5 ana tissue mat are taken from patients tnat are possibly 
infected with a , as y* u n k n c> w: . , possibly pat n c c en i c 
baetenun;, cr during fcliow-up diagnostic testing tc tor 
example evaluate tnerapeutio measures that nave reen taken 
s c tar to treat t h e disease. 

10 Traditional methods to determine or identify oaeteria 

- p start wit h a Gram - c t a i n , w n i c u i ^ w ^ _ ^ en o w n it 

the art. Such a stain can be performed on a sample 
immediately after sampling or, when net enough bacteria 
are present, after a short period of cultunng of the 

15 sample. In general, four types of bacteria are found after 
Gram-staining; Gram-negative rocs and cocci and Gram- 



positive rods and cocci . Howt^ve: , such a 



■ — c: ■ 



:ain can 



only in very exceptional cases provide the clinician with 
the knowledge required to provide accurate therapy. 

20 Examples of Gram-negative rods m clinical samples 

are Enzerobactei , Klebsiella , Salmonella , fleeter r cnia , 
Proteus and Pseudomona s species , of Gram-negative cocci 
are Neisseria species. Gram-positive rods that may be 
round in ciinica.i samples are Bacillus species, Gram- 

25 positive coc:^ are lit i era co ecus , street occur diu 

Staphylococcus specie^-. Some of these, such as Ezrepzoccus 
and Staphylococcus can easily be further determined or 
distinguished fr om each o t h e r b y the: r mc r p h c i c c r c a _ 
characteristics. Gtrertoccccr land Er.zerc cccco are 
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lo re 



p r-, r - i ■ 1 



: c er.n a nee: 



. n a : a e r: o a s bacteria t a 



C 



3nt d 1 t e r t n e u p t a a ^ c i 
a considered ic be a 



sucr aa a:aacio:i a . asp 

encoded or. a pi a smi c , c 
i 5 bac c e r i a I spec i o s m a y : 
the piasaia. This late 
maior problem in hospital epidemiology. It is therefor of 
paramount therapeutic and epidemiological importance to 
speed ur the me t node 1 oc :. ca 1 procedures in the diagnosis of 
20 bi:>aa samples from for example s ept 1 caema. c patients to be 
able ta seJem specif 1 a antibiotic therapy desianed for 
the specific pathogen found, thereby refraining iron: using 
br Dad- spec t run! antibiotics . 
? r esent technique 
2^ general specific van en 
tne soecies involved, 



r than capturing, a 1 oe 1 a 1 n 
can a a a ov.ee due exists about 
i) e used with s a mo i e s 



iv t i 



. n e 1 a: : ■ n e e a s v; n c , s 
ac aiS'. tc-a s 



30 me I noa 



a me 



ion si n 
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s imp -L e 
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; : i. e 



The 
present. : 



. n v e n 



samp i 



> r o vides a met ri o o 
v . r ;: a oacteriui:, 
compr i sinq 



eiern: m ng , 



20 



£m destine; said s a ma 1 e wit h a p r c >o e a c c o r a i n c: o sr' 
m sit Li hybriaisaticr. protocol selected on the 
basis of the outcome of said Gram- staining . 
Rapid techniques for detecting bacteria and other 
bacteria in general are known. For example, in situ 
hybridisation is a well known technique, however, in 

■ eei: applied m specialised 
1 to detect art; quar.ci.iy the relative 
that are difficult to culture using 



_es a : 



c e : .e r a + 
.aborat 

a b u n danc e o t b i 
traditional mei 
example Growth 
cu J cure . 



cte: 



loqv or as a tool to quantity tor 



nei 



tlreaoy known oa~ten ; 



in 



^ n C 'ITT : e 



speci f i c nu are : 
oref erabi v sole '. 



r ^ ^ ^ r- r 



:. a re no bier m-o .. ' 
cu substance, ; u • 
c seq u e n c e s f o u n a ; 

the bacteria una e : 
•u oe rmeab . 1 1 se a \ 



>o c i r i ca i i y arc 
stucy, which f < 
t b:e ; r : • e: 
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23S ribosomal RNA, mitochondrial RNA, messengei RNA an: 

nuclear DKA . 

appliej f c r rapid cie:ec::or. cf ^;:.{.rii in c! : m ca . 

tecnriiqu-::; are t o o ma crura a- ana t oo s 2 ow to give an 
advantage over t radial on a.:, cuiaar mo . 

Firs: of all/ hybrid : satin, require s perraaci satacr 
o: the pcoanger;, and Lint.il now no generally applaearle 
10 permeabalisa t ior: protocols nave been developed that allow 
suirlcnent cat restricted lysis nany or ail c: a bioaa 

range of unidentified bacteria. ;n general, mild 
permeao j i i sa t ion leaves many bacteria (such, as 
Staphylococcus spec.) inaccessible lor subsequent- 
ly nybiiuibd.iun witn probes, wnereas rigorous 

permeabilisation often fully lyses most bacteria, thereby 
foregoing the possibility to detect them all together. 

In addition, current protocols are in general time- 
consuming multi-step procedures ; hybridisation often 
20 requires minimal ly 2 4 hours , thereby giving no relief to 
the needs of the clinician wno is only helped with 
accurate and speedy di aanosis . Furthermore, they mostly 
require beforehand knowledge about the genus or even 
species involved in order to select appropriate probes ; 
1 5 h a v i n g such beforehand k n o w 1 e o a e i s clear! y n o t the c a s e 
in the event of a patient havmo an unidentified 
mr ect. i on . Also, the p msent , ready i nappr op r i a t e 
hybrids sation techniques do net .--I low to gather 
i n i o r m a 1 1 r a o n the re a v i n s e a a a i n si ant i b i o tics to tin 
30 bac t er i urn involved . 

The invention provides o las; and reliable met nod tor 
diag nos: i s , detect i on ana / r r det ermi nat ion a f ha— or i <\ 
wnrcn may re present m a samp.. - ouch a samp 1 e may im :: 
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1> 



20 



:.)e ma 



serum, wo: 



may san.pl e 

r : ouo or iq::., 

cerebroscina- 



e ooa , 
: vno vial 



b .1 O O O C O ^. i ^ ■ , 

fluid, tissue, biopsies, urine, saliva, : r 
others. In a preierreo embodiment the invent 
method v; he re in sa i d s amnio is mammalian tiooa, pro 1 crabby 
being derived from a human . 

K sample can be a primary sample cr it can be a 
secondary or sub-sample which is derived from: a primary 
sample by diluting, splitting or colouring it one or more 
tunes. Diluting allows determining one relative abundance 
or a bacterium in a sample, thereby thus providing a 
met h o d all o w mo not ono; qualitative b u t a i s 



aetermmat : on 



directiy alter 



ten urn. m samp, 
been obtained or arte; 
cooling or rreecino c 
a in p a r a ^. ^ e ^ cm 



h 



i a s 



storea, tor example r; _ 
or sun-samples can be tes 
from each other. 



o u a n 1 1 1 a 1 1 v e 



has been 
secondary 



i 



:mmna t:o 



no oat ivc ana r o;i 
}0 sample an;: rurtm: 
si to nybr 10 1 sa 1 1 : 
on t ccme o : s a : i 
method a o o c r o i n c 



i i ;;t.e : 



■ r a m - 



: the 
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e r t 



i er : • • : eiU'COi^ent 



r .:. : t : i • 



i a : . l ^ ~ ± ' 



v the invent: ■ 



ud embo ain^rr, 



— -; f i r- _ >- .-x ^ r 



20 



met hoc proviaeu 
prooes , su n:;: as flu 
RNA- or ?NA- probes, 
sequences cm: i :. r example the r 1 h ess m a 1 R N A o i the t a r u e i 
bacteri urn p rese r; t i r t h e s amp I e . 

Trie invention provides a method wherein classical 
Gram-st amino indicates the presence of a Grar-negative er 
Gram-posit: ve bacterium in said sample, further comprising 
determn nine the rod cr coccus character of said bacterium, 
thereby establishing the subsequent testing protocol. 

When a Gran-negative bacterium is cr the roo type, the 
invention nr-vides a method further comprising hybridising 



;aio samo^e with a.. 



least one i 
f hybrid si : 
, in Klecs: 



seiecteo rr om a group 
.'• :: e cm o- n t a e , i r i 



30 zypni , m Go-no : ::: 
Furthermore , tn 



. n vent i on o 



met noc wne 



:rt ne: com: 



. n o 
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20 



t n e r 



■ i oeterm: n::;:: 



a ir^rnoa provided oy tone invention is ruriher 

s ; ::yne , a no further romp rising 
tt at least tne probe selected 
:;-ic of :iycr idi sing who nucleic 
acid found in En r.c rococcus ia<aca lis , in St rop:oco;cjs 
P^e^o^iae, in Streprcccic^s mitis, in Screpcoccccu^ 
\tdidan5, in Streptococcus sanguis, in Enterococcus 



vsn out ret comprising 
ybr raising said sample 



:n addition, a method is provided wherein said character 
nr.- like, further comprising subcectinq said sample 



scitumn 



_ . treatment won a lyscc buffer compr rsma iysoscaphin 
ana or Proteinase K, further compr ism j hybrid sing said 
t feast one icrore selected from a group of 



prooes capable of hybridising with ni 
Szanh\'loccccus aureus , in Szavhylocc 



tcid 1 cure m 
or: ; f cticc , m 



: r nor usee : n i 
i.e. n-. directed again 

ex amp 1 e ri bo soma i RNA 

scred as taraet mc 1 e 



cue te.roe T 



rioridriaf RN 



u ciecc a c 



• u so. 
..! arm 



DNA, 
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:;i : vice:; rv tr.- 



15 



20 



< - i O ■ - ■ O ^ ^ _ - 

TTATCC'^'w. ^ l i ' 

sele::ed in 
in vent l on di 



; r t ,; 



r e i at ic 



1c Tdd 
:ona men i an 



eac: 



In addition., a method is provraod n 
that is further comprising hybridisir:; s 
least one positive control probe capable 
with nucleic acid round in a majority cf 
and/or with at least one negative :on:rc 
capable of hybridising with nuclei: 
majcritv of bacterial species, fze: 
comprises a: least 901 of bacteria: 
with those snecies found m genera. 
i septicaemia) patients . h met hoc a: 
i s even more soeci fie an; 



ac . 



i nve: 



.east 



ereraciy at iea^ 



4- QO 



; nt: i n vent ion 
: sample with at 
- hybridising 
material species 

not 
» u n c in a 
lie majority 
, especially 
■ ss ibly infected 
:d by the 
; 1 1 1 v e w h e n a t 
species is 
i n c m, ir t. han 



" u 1 V 



30 Such a posi 

by the invent : or. 
oenoic 1 r : s 

m i -■■ m i *" c . • • : ' 



n e a a t 



:c i •• as p rev 
cal oart, ir. 
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Pu r t he rmore , the invent:;:: - , provides a mc:.r.::i wi:;. 
a d d i t _ s a 2 value :c the c 1 i :": : o i a : . :r. that i.r: s a i :r. c ; n Oa : 
a prob-a i s selected for its rea:::vi t y v: i t h or:- c : a 
aroup c :. bacterial genera and a: ;sui: ) species having 
5 congruent susceptibility to antibiotic treatment. Guch a 
pr :>:>.- ceierting or identifying: a bacterium in a sample, 
prole rab 1 y a clinical sample, is capable of hybridising 
with ivjeieic acid 'found m a croup of bacterial genera 
an::/:: species or subspecies such as found with 
10 Staphyi ceo ecus and many other bacteria having congruent 
susceptibility to antibiotic treatment. 

In a ureter red embodiment of the invention, such a 
probe is having no more than five, preferably no more than 
t w o m i s ma t c h e s w 1 1 h a p r ok- c s o 1 e c t e a of a g r o u p c omp o c e c 
15 of probes having a sequence GCCTGGCAGTTTCGAATG or 

GAGCAAAGGTATTAACTTTACTCCC (i.e. reactive with bacteria 
for which amoxycillin treatment is most likely effective) 
or GTAGCCCTACTCGTAAGG (cephalosporin treatment} or 
GTTAGC GGTCCCTTTCTGG (piperacillin and /or aminoglycoside ) 
20 or TTATCCCCCTCTGATGG3 or GCCACTCCTCTTTTTCCGG {amoxycillin) 
or GGl AATGCAGCGCGGATGC or CCGAAGGGGAAGGCTCTA 
(vancomycin) or AGAGAAGCAAG GTTGTGGTGGGTT or 
AGAGAAGGAA GGTTGTCGTCCG ( f 1 u c 1 oxa ci 1 1 i n ) . 

in a much preferred embodiment of the invention a 
2? one- sten procedure is used for ootr. binding target 

bacteria (in the sample) to a microscopic slide and fixing 
in! r a ~ c- '! 1 u i a r structures . 1 r . to- experimental p art, 
vi : ; ■ a • lysis buffers ani fixatino tecnnicue are nrcwueo 
bho^ ;c..... o:e such a one- stop' ore secure. 
30 Furthermore, the invention provides a diagnostic test 

kit comprising means for detecting or identifying a 
I'd si - : : a:;, suspected of" beino r resent m a sample ursine a 
me t ho a a c c o r d i n a to t Y \ e : n v e n : i :■ r : o r usim a rro b o 
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Instructions for a net nr .: ^ 

x5y o-, added, " : ~ — - • •• ' 



- -de:: as. s : 
:i e:c acid ci : ---a •- - - 



: . ; dd 

^ 1 d S d S 



reuoi Lt- • - - ■ ■ • ; : . ^ - 

... . ■ . ■ . : • ' ' • • • ; • • ' "" 
jiher reporter ~ — — ' 

latels arc ; — v; - 



Ir: aadit.dd, sard kit nay sonddrs^ 

sucr as 



K . , . +" -r- >- s d 1 u t r d d 
necessary o — 



nybriaisatior., optionally ir. ^J'^J ZZ Z may r.llv 

. ,-. sr ,d reaction v 

,0 example ccvei ^ . . (ie 3air . ut of 

sets of probes, reactive — ^ 

^ il t A — . — ,^, r3 :;eidb^- d 

(pathogenic) bacteria, opuona^y -y ' 

lt y with bacteria of cor,rue,- - 
rcov " lU j sets cf trooes 

on^eDtibility, or may ,,,„ 1 .„,; r . V e of 

d , ^ re ^r P .i aaamst bacteria — ■ 

15 specinca-xi d.re.^ - , UITi r. - U character. 

• r d : rr:t r ci;r S e ^ 

Such a kit ma^ a- s - ^ providing a 

■ v Hhioti'" resistance genes, p^v 
-active with ar.tibioti apDiicabie antibiotic 

positive identification o. leas- p_ 

20 treatment. ,_ her explained ir: the 

The invention ^ w ~ ' , ._ r r Uniting 

• oa- of the description vnion . ...» 

experimental p°-~ 

the invention. 

Experimental part 

• •: the 



" C'Ov 

^em .- oacter 



7.r example • " .. ;.: u r^w 



ae:c:uor. or _ . . . . 

c . 0 :o:oi f:r hicn-^ee:; '^t^ . .... ,. ; 

V. resented. The metnooolcgy aescr^e^.-,- ~ ^ ^ ^ 

' US ed for both a preliminary sere,,--.. < ~ ^ ^ 

+ , - * - - as a r t \ .. ^ : - ■ • 

seoticaeirdS v a - ' ■ ^ , , . t . .... :/ : : . 

' - _ : ^ c- r< > ,< Td a-. ■ — ■ 
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irus r. 



10 



pi-' 



;sei 



the sa: 



.ooo 



or i ' 



U O r 3 j-' - - 



nem. 



;aonu 



nuei< 



^ ^ r< p C 



: ho a em- ^ 



20 



in a par 



t iCUlc 



embodiment of 



pr 



oviae 



: ne invent 



.on 



_s exem] 



■ li fie: 



DV 



ion a 



making 



met no c 
use o: 



loo i 



:on 



ess <: 



inver 



;sib 



:qet rr. 



olecuie 



because a 



a iarg 



e databank 



: p -NA-sequ 



ence; 



exists an 



d 1 - 



eel v 



, ion 



the I: 



-ides a 



ci o c j, - > 



or 



obes form a: 



narrations 



oreseni 



set of proo 



es whicr 



na 



ave been 



psiane :: r ' 



at: 



nor: 



in expect 



ed nave. 



mann 



based o: 



pa trr 



)icq rc£ 



but ratner 



:he l r 



part 



sigrn^- 
-ular embodiment 



of prober 
invent ior 



wnior 



:ave 



L app^ 
been 



ane u 



■ umeo 



iqruc 
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rast ; 



i trr* 



rUC'/m. 



''ei: 



F.uoresceir:-: sc; hi t cyar.a t e ; FITG , 
10 " Tetramethylr h o d a ::. i n e -:-iso t h io:yana:e ( T R I T C ■ 

Texas red™ 

( RLUOS") 

7 - ami no - 4 - me t h y 1 c ouna r:n-3-acet:c and ( AMC/i'" ; 
1 ^ — p^ vco^ ^ v 4- h v - — 

Indocarbocyarane dyes such as Cy3 tw , Cy5 ,M and C7" 

Any other direct fluorescent label 
2) Indirect fluorescent labels: 

Enzymes such as alkaline phosphatase or 
20 norseradishperoxidase either attached directly or via a 
G6-thi:G linker and used in combination with 
chemil jminescent substrates like AKPPD (3- 
( ' spiroadmantane ) - 4 -met hoxy- 4 - (3' -phosphor yloxy ; -phenyi- 
1 , 2-di sxethane ) or fluorescence generating substrates. 
- Digoxigemn ( DIG ; in combination with ant i -DIG 

antiboaies labeled with: 

- gold oarticles 



V) 



pe rr x : aa se , Ttor ; , : r , -,• : ^orr ratrr; wit:, 
ehemiiunu nescent substrates like AMPPD (3- 

; "sp- roaamantane ) -4 -met r.oxy - 4 - f 3 ' -phosphc- ryl oxy : -pheny 1 - 
1/ > -uioxetnane ; cr flu: r - . • sen ■ ;:o:>- ; •• *- - > : , : ^ f ^-- > . T 
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a n 



pr e f e :.eb 1 y cmir.ea wit.:, image analysis . Fcr the detect ic 

o: f I ,.cre^::e:".: -si loonucleot ido tiroes ny; r : ai sea to 
ritoc imal RNA of the targes bacterium, proctography :ar; be 
ape I : ec: . However quant it at i en by tin s met hod i s hampered 
bv t ho absence oi object:, ve cri t e rid by means of wr:icn 
discrimination do t ween hybridized and non- nybr idi ze a cel. 
can be performed . There f are for c;:]ec::ve evaluation of 
probe-s.peci net ty, an image analysis system, r s empl oyed 
whi-h iows f 1 uorimet rical reading of individual 
bacterial cells . 
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A protocol for fast in situ hybridisation of bacteria 
presen t i n s amp 1 e s of blood 

Protocols for the detection of rRNA in situ typically 



r e a a e n ■ 



permeai 



iisation of the 



of both the 
of the 



utilise rot s a oyio 
bacterial csll wail and fixatives to preserve structural 
and molecular integrity of cellular components. However, 
tne results of such hybridizations are highly dependent on 
the type , can cent rat ion and in tuba t ion- time 
lytic reagent and the fixative . Component I 
invention consists of a protocsl far in situ hybridization 
i n wh lct; roe:, pe mo-cab i 1 1 z a 1 1 on an o r i ;•: • ; 1 1 on have neen 
oponis roe :o : .: oofoeaueo: hyroio; o o : n o f maximally 2 
hour:: . For t n i s iioooc o 1 o was : mp ; o.oo. t o ensure: t h a \ 
the f : y c r i d i z a t o o n troceduro used was applicable to a wide 
variety of unidentified bacteria, bit ferent fated use of 



. vt i c 



r* O -« ^ O T~ ' 



"ma t • or 



lo t ^ i noo 



f rr 



ainiroj 



do ooe 
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A cpimal lytic rea:e:;t can be chosen on tne :^s: - of 
tr.v ara^-stain of the pa choc en present in rh--r : : 

blood. This procedure of d; f rerer.:ia*:e;: permear : 1 isa: - en 
i :• n 1 t : legular pre r. o :o I s r er .: s.: :.. hyor :u^n:i n i n 
v;his:. me pe rmeabi 1 i s a t i or: is always dedicated t; tr.e 
permo an r : sat ion of one or a defined group of career 
Lac: •:• : .o : . In this new procedure a very wioe array c: 
u:i:>aa inaG bacteria can car 1 1 eier:t I y re permeaei. 1 i see 
vrithout destruction of intracellular structures. 

j\ one-step procedure? is usee for ooth binding tarcet 
bacteria (m the sample) to the microscopic slide and 
fixing intracellular structures. Procedures presented m 
the current scientific literature a 1 1 use mult i -step 
protocols for binding, fixing and dehydration of tne 
bacterial ceils in order to condition them for optima" 1 
hybridisation . 

The hybridisation time is shortened to 2 hours. 
Regular protocols for in situ hybridisation utilise a 
hybridisation time of minimally 24 hours, rendering them 
useless for rapid diagnostic applications. 

The invention also provides kits for carrying out the 
rapid detection of bacteria in blood samples according to 
the invention. Such a kit will usually comprise at least a 
probe or probes and optionally other reagents such as 
comp onent s for hybridisation-fluid, washing-f luid and 
pe rmeabi I i sat ion- f luid . 

Such a kit may be applied in a routine bacteriology 
] ab: rater y or in 3 beds roe envi moment , both as - met 
screening method or as a f u 1 j substitute for c I ass: c a ! 
iderit iff cation methods . 

Examoies of probe design and development 
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are rcunc 1 : 
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10 



f; :ag:aa/v:; .vfattaactttagt: 

1 S r ttatgg g::ctctgatggg 

H IOGAAG -j jAA .-wCTCT/'. 

i agagaag:aag:?tctcgtccg 

J GTTAGCCGTCCOTTTCTGG 

2 0 r ". A G A G AA G C A A G C T T C T G G T C G G 

G GCCAOi'G J r> . i . : \ T-~v.l> . : 



end 

25 2 The variable region on the 16S rRNA where the tarqet- 
sequen re cf the probe i s positioned . 

3 The species or genus which rRNA contains a match with tra 
s ecu e nee of the p robe . 



30 



P r o t o c a 1 e x a mp ^ e . 

A new 1 y de v isei or. ;.e:. \ .. f c r last 
pa thoaens in bl ood f ron. sept i caerrt 



consists or a s' 
m a la bo i a Lory on v i r a: invent . 

vacuuii. sealed cuLtaio iaottio. 
2 Place the col tare Dottle m 

machine (e.g. Pa a: A ; en , Orqanon 
27704} to monitor tr- a : w t : . ■: a 



patient s . T h is version 
:. o ,i : . ; i o c 1 1 v be a s e a 



> r e — s a _ t a r i n a 
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e x a mp 1 . e c : ipcr a :-: a ma a e 1 y 5 0 ° lb . 
10 c ••' i :•: a a : . n a 5 m : : . . a : . e t h a n a 1 : a ch ; : r c r m a 1 d e r. v a e 1 

car; be a a o r e a i o a s a v a r a 1 m o a t h a if k e o a a a a o on"; 
temperature ir. a dry chamber'; 
i T 1 8 Pa am a a ia i -i a a Stx'Sjp'tiooooc i a a ra ai a u a a ~_ w 2 a a. 

lysozyme (1 g/ 1 ) 

9 Permeabrlise Staphylococci 2 0 man a a 2 5 C waah 
Lysostaphin ( 1 0 0 units /ml ) 

10 Rinse the slide with (demineraiised ) water for 5 
20 minutes 

11 Dry are slide tar 5 minutes on a hoaplate. 

12 Pipea hybridisation buf fer ( +3D3 } -probe mix 
( [ pr obe ]- 1 Ong / |i 1. ) . Cover with a coverslip. 

11 hybridize' 2 hoars (for example at 4c°C^. 
25 14 Fans- 5 man us ana hybr i d i sa: i on buffer ;-SD3; . 
15 Koun: tne slide with a a over sir p. 



q / 1 Na : HPG^ 



fhPC 
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Hy:r:d:s5::c:. no: : - o: 0 



- a 3 3 



iticr. cu:i 



- adjust :o pH /.: 
is - ICQ it , v-i 1 1 i -Q wr 

- sterilize ]S mm 
hybridisation buf f t 

- 10 ng/ui of lyop: 



.li:ea crobe in hvb: 



buffer 



20 



25 



iysozyme buffer 

- 1,2 a Tris < =100mK: 

- 1,86 q EDTA (=50mM: 

- add 100 ml of mi 11. 

- adjust, to pH 7 . :: 

- U , 0 t i c 0 , n a i y s i \ 



i, v s o s i d V) h i n i? Ui r o i 

- 1,2 Tris '. - 1 i on;: 

- 1 , b ( : ol I .0 . -i . nl 

- add 10 0 ml c i mo 1 

- adjust to pH ' . f 
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: - . : : probes was tesre;: a ::s: the complete PDA- 
database hot t p : / /' rapwwv; . 1 i f e . u i u c . eau : 8 ".. ■ r dphome . html ) c : 
15. august l^c using the EheckProoo command ana was 
considered s u f f 1 c i e r. t if a n o mo r - t. h a n five, preferably 
no more than two mismatches were observed. Furthermore, to 
d £ - •=> r m i n e w h e t h e r t h e trobss c o u 1 o r e a o h their specific 
target sequence, a reference collection of 20 of the most 
predominant bacteria in sepsis were hybridised using both 
the protocol and the probes mentioned here above. The 
result of this validation is listed in table 2. As can be 
read from this table all probes yield a satisfying 
hyor : disation profile. Using the group-probes C and D it 
is possible to distinguish between: tour groups of gram- 
ne active rods: 



C-pos i t i ve 
Ente rooact 
C- positive 
Salmonella typhi 
2 -nog a T i too ! 
v u i .a a r i s 

For Elscro : .: oh . 



-DC 



ive: hier 



loacae ana Ent erooac 



c >: y t. o :: a , 
aeroaenes 



^ O d O — T ^ o nr p 



act i ve : Klebsiella pneumoniae ana 



■ C i.1 OS ci I : U 



o 1 : and Pseuaomonas 
orobes ( E ana 1 ; na 



va. 



a e r u u a n o s a ^ w ; 



; oc uaeu recaus' 



ton 
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notorious pathogen. Probe I : s ^ oeno. 
which can be used in o:u.;~ u:\s' : n w:th 
Streptococci and Enteroco::; s: : ar- tiu 
while they require different arrinaerc 
Usinu both probes G and H , » separate 
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:cui shed : 
S t a d h v ' 1 ' 

Staphvioc 



Staphylococci can be cist 
G-posi t ive and H-posi t :v-r 
G-positive and H-'negative 
G-negat ive and H-positive 
G-negative and H-negative 
Probe K is a species-specific-probe : 
aureus and can be used to support the 
probes G and H. 



s a:> • ::. . r ; : . . ;.: 
e a : t reatiteni . 



:us aureus 
;us haemal y t : cus 
us saprophy t i cus 
us epidertu dis 
: S t a p h y 1 o c o c c u s 
"esuits ob t a ned b\ 



is 
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Table 2. 



Bacterium 



Escherichia coli 



Klebsiella pneumoniae 



Klebsiella oxytoca 



Serratia marcescens 



Enterobacter aerogenes 
Enterobacter cloacae 



Proteus vulgaris 



Proteus mirabilis 



Salmonella typhi 



Pseudomonas aeruginosa 



Enterococcus faecalis 



Enterococcus faecium 



Streptococcus pneumoniae 



Streptococcus mitis 



Streptococcus viridans 



Streptococcus sanguis 



Staphylococcus haemolyticus 



Staphylococcus aureus 



Staphylococcus epidermidis 
Staphylococcus saprophytics 
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Legend : Probecociing see table i , gray=posinve 
hybridization , whi te=no hybr idi zat ion 



15 



20 



Testing a method in whole-blood samples. 
Preliminary testing of a new method in 50 whole blood 
samples which were found positive upon pre-cul tur ing 
yielded a correlation of 96% between a method described 
here and the classical culturing method which was also 
applied to each of the 50 samples. 

However, the results of a method described here could be 
obtained within 3 hours while culturing results took a 
mean analysis-time of 32 hours. 

Further pract i Ccj .1 application 

Septicemia is a pathological condition in which viable and 
multiplying bacteria may be present in the bloodstream. 
This condition may occur after trauma or surgery 
(especially of the visceral organs) , immunosuppression and 
obstetrical complications. It is a potential life- 
threatening condition and appropriate information on the 
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1 s 



20 



~e kr. ka arid the x a r 

rate o f a backer; a: 
;o::Ie ccaaa ir.in:: the 
• o ! nutrien: broth. 



no* 



e r ~ ' ■ blood a a r r 1 a a- ; -'-a 
-auta:l. y if b a a t a r i a 1 
.e i-cative alee a aa.ltaia 
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p r: a 
7 a v- 



o ■ "': : n t . a a k a < 



a a i at ea on acpropr:^ 
analysis. Microbial i 
ha aiod ri;aurr as ^ , : 
/i h to complete. Reduction o: the analysis tame may 
result in reduction of tne use of broad-spectrum 
antibiotics as the genus or species of a pathogen gives ar 
indirect indication of tne most appropriate antibiotic. 
Subsequently, this may result in a iawer frequency of 
emergence of resistance against area a- ape at r am 
antibiotics. Furthermore, it may result in laver cost 
because suppressive empiric therapy may be substituted by 

: with a smaller 



t a 1 1 a r a a ana e a a expensive ^ a 1 1 a i a 1 1 a a v; 1 1 a 
spectrin.. Several methods far rapid detection of pathogens 
in humsi'i blood have oeen describee previously, most of 
them using the polymerase chain react i an ar f 1 uarescent 1 y 



i r a a : jU, r a u 1 1 : 
rer:o: a. a i a s a a a 1 a a 1 1 a r 
decided tnat for' a male cub 
successful j y implemented i. 
be faa r : maximally h ' . 

c am: be :■: . t h e p ran a r a 1 1 a : . 



a a i a a -. 
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RhA cf t : i • ::i:rae: -:r:ar.isr;. 



Materials and methods 



adores 



bu ring t h e time of this s t nay a total of 1 5 2 b 1. 1 o a s amp I e s 

which tested positive i n the Ba et Alert -bl oco culture 

machine were p r o e e s s e u simultaneously, using both whole- 
cell n yon o r z o t 1 o n an o a o e e o t e o 



Cul turing 

Microorganisms cultivated from positive blood cultures 
20 were identified by using the AP I -test system ( BioMerieux , 

F r a n c e ) o r b v u s i n o s t a n d a r o it i c r obi o 1 o o i c 1 1 m*° ^~ h ods 

Probes 

25 The characteristics cf tne probes used in this study are 

listed in Table 3 . Alt probes consist of a single stranded 
oligonucleotide sequence coval ent ly linked with 

s yr * he :"■ :_ :.: e :i r. v he r •• : * t '/ ■' ft a a s t 1 1 :;: . t , Th v ! .'e t he r 1 a ride - 

30 
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Table 3. CI 1 3 :r:u:Ie: ::a- : 1 ; ::-o . : : - o ;:r rA'cr.^izat;:::. :: 



1: 



Probe* Sequence (5'-->3') Target: (s) Preferred 

antibiotic* * 



CNS (/ G A G 3 G G T /AG C T G C AAA T <j G T T A G " ?oa:ju 1 ::Se-r:eqat;ve 

P3FUDAFG- GGAGGTTATGGGGGAGTAT Acer 
ENTRAG ^A^GA-T-Ar^AA3r33-^^3r^r^ 



;;_r;as der::j:^os:' sioerac-i-ii. 



cepna i ct 

5 

All probes consist of single strain DNA covalently linked with 
fiurcrescein i so- thycoya na t e at the " '-end. The E. ccl i -speci f i c probe 
is directed against 2 3 S rRNA, the other- prober, are directed a g a i n s t 
t he 1 €2 rRNA . Ft ooe-nomenci a t ur c cons i s t c e rnemon : nr. instead of a 
10 icrnia.i nomenclature-system for reasons o: convenience. 

Trie antibiotic of first choice 

* * * not appl icabie 

* * * - linutes choice t rom all available therapeutics. On the oa c i s o: 
the local epiaom ulogical situations other therapeutics it; a y p re va i ] 



Whole eel 1 h vbricii zati on 
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during 20 min. Grarr.-neaar.ive rods were no: nerrr.eac- ; 1 i zed . 
Order q r arr.-morphoi o c: i o s were ret. considered : n in: s 
section because of v. he low incidence c: : ; .es- croups cf 
bacteria in septicemia. From a posi: ■ v c b . . .; culture 
5 fifteen, u 1 was to i b e t 1 e a o n a u i a s s s i i c e ana s a c s e a a e n t 1 v 
screaked our. After ajr-arimg the slice, the ceils on the 
slide were fixed in a 4'. f o ma 1 ceh yde-sol ar ion m pure 
e rrancl . After pe r m e a b 1 1 1 z a a l o n , the cells a :. t n • s 2 i a e 
were hybr i di zed at SO * C . G rarr-neaar _~i ve roos were 
10 hybridized during 4 5 m n , ararr-posi rive staphylococci were 
hybr i di zed during 2 n ana grarn-posirive streptococci were 
hybridized during 5 min. her qram-type a different set of 
probes was chosen (see Table 4} . 
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" able t r er : : r:r :: : tno ::;e::i,::; 



Application-criterion* Probe Target organism n' 

: . ; : ' : . OSS :\ hi S A . . I ' ■:. ! . 1 : 

V PASS is .7 . .. 0 so : a ^ ^ J. - 1 ■ 

P. PAPM As: e: " 0 :A> u 

Crai!:-:K_^.:;V'r . 3TAUK > ' : oy so.. . jr., os. 0.0. Asresv I'. 

C [-1 S Co a 12 - a 5 -r :; ^ l : \ 7 e 7 ! 

cra:i.-re^ai : v- : o>u: SCO LI £5 -„-r : ooo j ^ s. .. : ; s '. 

P 3 P S DAE P f >' e :.: s so. o : . a .. - e r u 1 : ; z<sa 4 
FNC3AC 



* The appliCaMoi: critenori is t he mi cromc-rph 01 o gy :i the- patnoae:. : : 

S t h- i r i 1" i "1 n rain- s 1 h 1 r wh 1 r V. 1 s ma be a f : e r x : ie- : . . s 7 A . e r * r> 1 ncci r i S! T • • r ■ 
lLLd jii j. i.e iid_ :jeL<e;..:iev] im c 1 obei 1 s ci s l. ^ v ± L y 1. . . L. ir.: ...^u^bGiiipit 
* * n= number or strains positively ident 1 f 1 ec s y saltan ng 
+ r --cor re 1 at 1 on coefficient. This is the number of matching 
identifications between FISH and traditional culturing divided by the 
10 total number cf assays 

* * * ■* Comprises of 66 V of the total number c f samples tested. Other 
samples showed no sicnal with the positive control probe 



However , a probe (i.e. EUB- probe ; posi five for a lmos t all 
bacteria and the reverse complementary probe (i.e. non-E'JB 
probe; were included as a positive and negative control 
respectively, irrespective of tne gram-type. Prior to us-, 
probes were diluted to a concentration ci 10 ng/mi in 
hyor 1 11 cat icn-:v.;f f er i 2 3 mis f : : .. s -PA , . NaCl, t . 1 '.■ SPA, 



out 1. n 



A t 



r 0 u : 



:iyt : : ui t 

A PA , pH " . 1 ; an 
{ fee t or Lars rate r les, Burl 1 nan am- , LA 
hereafter, slices were evaluate:; 

epi f 1 uores con :: ; c r oscope . 



.sed 



:ri 



: 1 w : t n v e c 1 a a n 1 e ^ c 
. Immediately 
■ in an 
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l -O 



Tarle 4, r :a • rosu 1 a a of an-; 
observation that all strair 
EU3-probe trioleates that ti 
applicable far whole cell r 
15 .sf'pri p a a, r ri ^pi^ r a *" ^ r p si - 



t a e u n amb : q u i t: y of t n - 
a a : tea; by t hie me the: 

:ybna: ze positive^ 

;icicat.o:»n of the 
Th e 



a w:.. tn t ne 



1 1 r 



i HH r 1 VP 



results obtained with the ncn-E'JB probe indicate the 
absence of aspecif ic interaction between the prcoe and 
constituents of the cellular matrix. The speed of 
diagnosis (after the sample is positive in the BactAlert 
20 bio 3d culture machine} varies between 2E mm 

( s t rep tococ a i /ente ro ooeci } and a n (staphylococci), while 



:utme bacterid ogi a a. 1 det* 
i h to 4 B h. The advantage 



take at least 



trie patient is obvious 
because, as can toe read rrom table 2, trie clinician is 
25 able to start appropriate antimicrobial therapy within the 
workino day msteao or after 24 h to 48 h. Being able to 
choose the most appropriate antibiotic also diminishes the 

30 4 * :• results obtained _:. '_ a . . station a ra-aa . a . 



Broader application of the product 
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- New prcoei' :o: cone; reievan 

- Omer :yp-s o f c I. i u i c a 1 samples _ i kg : sou cur:., pus, 
Id u::ne, wher-r aerera^y non- sept i ::aei:;: c bacteria, such as 

Legionella pneumoniae can be found, us .: : a method 
according to one invent ion . 

Advantages of whole -cell hybridization 

1 -> 

- Rapid diagnosis enabling the clinician to easily choose 
the appropriate antibiotic 

- Less use of broad spectrum antibiotics, therewith 
lowering the incidence of antibiotic resistance 

20 - Cheap, a typical FISH-analysis is about 501 cheaper than 
a traditional cuituring -based analysis. 

- Lasy to per r on:. . A FISH -based analysis requires less 
actions and less hands-on time than a cram stain 

25 Lay-out of kits 

There are many possibilities for possible k : ■ formats, 



1~1 listed be : ov; inducing a detailed pro- to cel. Or tne 
hits listed bo lev: alone or m a combination. 
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tne :::r.tr-: 



praoe 



. 1 v e c o : 



KaC 



10 E: 



i:ai:-:ieqat:ve samples : 



prDbe (s) func*:ior.ally related tne: 
- Lyop hi 1 1 zed hybridization buffer 



:0 mtt Tris-MCl , 0 . 9l< 



S D S , b r 7.2} 



Kit ? for gram-positive streptococci-like bacteria: 

- Lyophiiized probes such as STREP, EFAEC, EEAEM or 
20 probe (s) functionally related thereto 

- Lyophiiized hybridization buffer (20 mM Tris-HCl, 0 . 9K 
NaCL , 0.11 5 05 , pH 7.2) with 1 rriq/rti hen-eggwhite 
lysozyme . 

25 Kit 4 for staohvlococci-iike bacteria: 



Ivooh i .] i zed probes such as STAUE, CKS or probe (s) 



r u n c t i on a 12: v related t ne ret'" 
- Ly;.)ph;l : ze i hybr idi za t i or. r 
30 had . , 0 . ] 227 , pH 7 . 2 ' w: t h 



7 : : 5-H2J , 
\'sc: r t a oh i z 



Basic labeling of probes is with inn reso 
z yan.it • . A^ t e ma t i ve 2 y kits z, j y r : 
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with different fluorescent labels for si^uitar.ecj:-' 
ae:e:uc:. of difierero tercets -with on- res; . nave 
successfully detected streptococci ana enreycc;.;: :c. ^ r on-, 
sample an this way . In Fee 1 an exarr.pl e c : t hi s t ype o r 

5 appl c car ion is shown . Here , a roixed infection o : 
rnorphol oqically indis t mqui snabie g ram-pos i f i ve 
so rep toco ecus-like bacteria are successfully hybridized 
with both the STREP-prcbe (FITC -label) and the F FA FF-pr oi?e 
(Cy3-label). Other combinations of the above kits may also 

10 be provided as one kit for a specific application. 
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Legends 



i c u r < 



ticcre J : X: 

JDH e Li/7. O * "I -1 a e i f 

10 probe ( F1TC- 
a fluoresce: 
detect all : 



; i;ier::or. wit t ^ 



w i 



ne. ; ana one i^rr-a 
DKA/RNA stain ; LV 



r. a 



a r c . i e: 
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CLAIMS 



10 



15 



20 



■ ' e on 



t.c c n or 



mamma 1 an ui oo 
4 . A met ho i ac 



ci . 



;::ere:r. sa;- 



:o ra: no z o o _ a a m a wnerem sa i a s amp :e is 
i, preferably being derived from a human, 
rcrding :o c^aim 1, 2 or 3 wnerer; saic 
Cram-staining indicates r. hv presence c: a Gram-nega L r ve 
bacterium in said sample, further comprising determining 
the rod or coccus character of said bacterium. 
5. A method according to claim 4 wherein said character is 
of the rod type, further comprising hybridising said 
sample with at least one probe selected from; a group cf 
probes caoable of hvbridisino with nucleic acid found in 
Escnerachia coif, in Klebsiella pneumoniae, m K. 
oxytoca, in Serratia ma rcescens , in Enterobacter 
aerogenes, m Enzerobactei cloacae, in Proteus vulgar: 

- r~ H ■■>--. r ^ ?- r? rr- ; -r- j J- i " V c: -i -> <7 ^ 7 ~> n ^ 7 ; ,^ f v.^f ' . ' O P S C U O Cm ^ 



^ . /I method a c c : 



1 1 n q 



: wr.ereir. sa. 



micie: c acia 



;ma tohes witn a pro:- 
. navm:j a seaueo:- 



arc 



' .^'O i i .O^.e . 
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sample :c t r e a t m e : v. w ^ ;. VS :s 
1 vs:.cyne . 

bac:e ri um i n 35. j same ., , f 0. r t r.er 
t h e r o d c r c : - a o p :2 : - ; — 3 ~ 

1 - • noio r: c ..: •. .; o : ..: 1 : . o to o a :r ^ 
1 s c: t no rod t yp- , further compr 
sample to t reatrr.ent v;;:r. a Ivsio 
1 y s 0 z yme a:o ; c r 3 r ;:■ t o i n a s e F . 

11. A method according to claim - wherein o ;: character 
is 01 the coccus t ype , further cornpri si:o aef ermming a 
cha :n-l i ke or clump-] lee char act e r or said bacteria. 

12. A method according to claim i: where: r: said char 



: cim-p 0 01 1 i ve 

^ 1 o character 
eating saiu 
c : 1 sing 



acter 

1 > is chain— likep. ^nrr n <= > ^ c omo r 1 s i n q s ub 1 e c 1 1 n 0 said 3 a mp 1 e 
to treatment with a lysis buffer comprising 1 ysozyme . 

13. A method according to claim 12 further comprising 
hybridising said sample with at least one probe selected 
from a group of probes capable of hybridising with nucleic 

20 acid found in En terococcus faecalis , in S t rep toco ecus 
pneumoniae, in Streptococcus mitis, in Streptococcus 
vi ridans , m Streptococcus sanguis, in ^Ler^coccus 
faeci u/n . 

14. A method a c 0 o r a 1 n g to claim 13 w h e rein said nucleic 
25 acid is ribosoma ] RNA . 

15. A methoo according to claim 14 wherein said probe is 
having no more than five, preferably no more than two 
mis ma tones w : * • - L r ■ r o o c 0 e looted 0 f .0 : * , ■ - • - nr; - ■ i . v 

.m> Mbr.ij.nAGC AAG2T I'd 1 3 GT 3 33 o r G C C A 2 T C 2 '1 C r 3 3 1 '3 1' T 3 ~ G ; 3 

16. A metnoo accorcma to claim 11 wnerein said character 
is clump-like, tanner comprising soceoit- said sample 
^ - — . . 1 _v o - o j. - 1 ...... . _ ; , _ , , . ; . yb o t a p In:. 
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1 . Hit 

h ^ v l n g :~ 
mi smao c: 
probes ; 



r thai 
■ w: t h a : 



j. met hoc; accC'rcnriO : . a 
'omp rising : : y b r i a i s i n g s a i a 
ijsitive cor.troi probe and/ 
control orobe . 



w : 



. y :., mo; r- t nan r 

o r o u t- ; e cmp a s ~* g c 

1CGCGGATCC or 

T TOTCGTCCGTT . 

.aims 4 ta 19 ruraa 
v;i th at least one 
" " ] p 3 c t ■", o p - = ' ^ a t ' 



; _L. i l l _ u ii c - ^ ± i i o a x 



control, probe comp rise s n o mo r e t n an f i ve m i sma tones wit h 
a probe with the: sequence GCTG 3CTCCGGTAGGAGT and/or 
wherein said negative control probe comprises no more than 
rive mismatches with a probe with the sequence 
ACTCCTACGGGAGGCAGC . 

22. A method according to anyone cf claims 1 to 21 
rurtner comprisi ;ig a one-step procedure to bind bacteria 
present in said sample to a microscopic slide and 
simultaneously t i x intracellular structures . 

23. A method accordmc to anyone of claims 1 to 22 
wherein saii prooe is selected for its reactivity with 
one or a group* of bacterial genera and/or species having 



.-. amr 1 o , o r e i e r a b 1 y a o . 
: : hybr ici smq with nuc! 
d acre r i a 1 a e n e r a and/ o r 



i o- .-: . a r : 1 •:■ , s a i d p r o r .■ e c 
la ac: : icand m a grout 
so; oi •. o -o h a v i n a c o n a r ; 
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J '..,.ibCCAGTTT. 



probes having a sequence 
GTAGCGGTAGTGGTAAGG or GAG ; 
GTTAGCCGTCCCTTTCTGG or TTATCCCCC TCTGA7GG G 
AGAGAAGGAAGGTTGTGGTGCG or GCCAGTGGTGT7T77 

AGAGAAGGAAGGTTGTGGTCGGTT . 

2o. A diagnostic test kit comprising near, 
or identifying a bacterium suspected of be 
sample using a method according to anyone 
23 or using a probe according to claim 24 
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